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The renal response to chronic mineral acid feeding: A re-examination of
the role of systemic p11. It has been widely held that systemic acidemia
represents the proximate event signaling the kidney to elicit its acidifi-
cation response to chronic metabolic acidosis. However, a previous
study from this laboratory has cast serious doubt on the validity of this
conventional viewpoint. When a large acid load (7 mEq/kg/day) was fed
chronically to dogs as HCI, H2S04 or HNO3, net acid excretion
increased similarly in all three groups of animals despite wide variability
in the prevailing systemic acid-base composition. Marked or moderate
hypobicarbonatemia and acidemia were observed in the HC1— or
H2S04—fed animals respectively, but strikingly, plasma [HCO3i and
pH did not change significantly from the control in the HNO3—fed
animals. That study concluded that the renal response to chronic
mineral acid feeding appears to be triggered, not by acidemia, but by the
interplay of sodium delivery to and sodium avidity of the distal nephron
as modulated by the reabsorbability of the "acid" anion.
We have re-examined the above provocative conclusion in the light of
the observation that the only evidence for a dissociation of the renal
response from systemic acidemia in that study was derived from
preprandial (8:00 am.) blood samples obtained some 23 hr after the
ingestion of the daily acid load (administered at 9:00 a.m.). We
investigated the diurnal variation of plasma acid-base composition in
two groups of dogs fed chronically a large acid load (7 mEq/kg/day) as
either HC1 or HNO3. Both groups exhibited significant diurnal oscilla-
tions of plasma acid-base composition. Most importantly, HNO3—fed
animals that were normohydric in the preprandial period developed
substantial acidemia (peak z [H] + 10 nEq/liter, P < 0.01) and
hypobicarbonatemia (peak [HC03] —6.9 mEq/liter, P < 0.01)
following ingestion of the daily acid load; more than 16 hours were
required for the plasma acid-base composition to return to the
preprandial, normal baseline. The data demonstrate that the renal
acidification response during HNO3 feeding, just like that during HC1
feeding, is indeed associated with systemic acidemia. Acid feeding data,
therefore, cannot exclude a role of systemic pH in mediating the renal
response to a chronic acid load.
When the normal organism is challenged by a chronic acid
load, the kidney responds with an increase in renal net acid
excretion largely in the form of ammonium. This acidification
response requires several days for its full expression, eventu-
ally reaching values that approach the daily acid load. At that
point, a new steady state of acid-base equilibrium develops at a
lower level of plasma [HC03] and pH. The precise mecha-
nisms that mediate this adaptation in renal function remain
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elusive [1—3]. Nonetheless, it has long been assumed that
systemic acidemia represents the proximate event signaling the
kidney to elicit its acidification response to chronic metabolic
acidosis [1—6]. This homeostatic hypothesis is consistent with
the realization that the renal adaptive response to a chronic acid
load has an obviously salutary impact on systemic pH. Most
importantly, this view has recently drawn considerable exper-
imental support from microperfusion studies in the rat, suggest-
ing that the peritubular pH is a critical determinant of proximal
acidification probably by effecting changes in intracellular pH
and, hence, alterations in the activity of the Na-H antiporter
[7—11]. Indeed, a most recent study has shown that chronic
metabolic acidosis in the rabbit leads to an adaptive increase in
the Ymax of the Na-H antiporter activity in proximal tubule
brush border vesicles, and that the magnitude of this adaptation
is correlated with the severity of the metabolic acidosis [12]. In
addition, strong experimental evidence derived from studies in
intact animals and in vitro systems indicates that a decrement in
pH exerts a direct stimulating effect on renal ammonia produc-
tion [13—15]; such evidence adds further support to the existence
of a pH-sensitive homeostatic system of renal acid excretion.
Strong doubts about the validity of this conventional view-
point have been raised by a previous study from this laboratory
[16]. De Sousa and colleagues reported on the renal response to
the prolonged feeding of a large acid load (7 mEq/kg/day)
administered to dogs as HC1, H2S04 or HNO3. They noted that,
in the new steady state, the increment in net acid excretion was
closely similar and had approached acid intake in all three
groups of animals, despite wide differences in the prevailing
plasma acid-base composition: whereas marked or moderate
hypobicarbonatemia and acidemia had developed in the HC1—
or H2S04—fed animals, respectively, plasma [HC03] and pH
were not changed significantly from the control in the
HNO3—fed animals. De Sousa et al concluded that the renal
response to chronic mineral acid feeding appears to be trig-
gered, not by acidemia, but by the interplay of sodium delivery
to and sodium avidity of the distal nephron as conditioned by
the reabsorbability characteristics of the "acid" anion [16]. The
captivating conclusion of this study has had a substantial impact
on the current framework of the regulation of renal acid
excretion [1—3, 17, 18] and has been a cornerstone in the
formulation of a novel, nonhomeostatic theory on acid-base
regulation by Schwartz and Cohen [19].
The provocative conclusion of the study by De Sousa et al
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depends critically on documentation of the absence of any
acidemia during the period of nearly quantitative excretion of
the daily HNO3 load. In this regard, it should be noted that the
only evidence for a dissociation of the renal response from
systemic acidemia in that study was derived from preprandial
(8:00 a.m.) blood samples obtained some 23 hr after the
ingestion of the daily acid load (administered at 9:00 a.m.).
Although such measurements made on consecutive days were
stable (thus satisfying the conventional criteria of a steady
state) and indeed not significantly different from control, we
considered the possibility that these preprandial values might
not be representative of the diurnal acid-base profile, If this
were the case, the animals might have experienced periods of
acidemia and hypobicarbonatemia following the ingestion of the
daily bolus of mineral acid. Such evidence would clearly cast
serious doubt on the thesis advanced by De Sousa and col-
leagues [161.
Available evidence does not allow a safe prediction on
whether a measure of periodic acidemia might be detected
during examination of the circadian response to chronic HNO3
feeding, On the basis of both classic and recent evidence on the
regulation of renal acid excretion and ammonia production
summarized above [1—15], one might anticipate the detection of
periods of acidemia and hypobicarbonatemia. On the other
hand, the influence of the nature of the "acid" anion on
acidification might be so dominant to effect the excretion of the
daily HNO3 load under normohydric conditions, as suggested
by De Sousa et al [16] and Schwartz and Cohen [19]. Indeed,
additional factors, such as the substantially greater degree of
potassium and sodium depletion characteristic of chronic
HNO3 as compared to HCI feeding [16] and the anticipated
differences in augmented renal ammonia production [13, 14] and
secondary hyperaldosteronism, might contribute to prompt
excretion of the daily HNO3 load in the absence of any systemic
acidemia.
In the present study, we examined the diurnal variation of
plasma acid-base composition in two groups of dogs fed a large
acid load (7 mEqlkg/day) as either HCI or HNO3. When a
conventional steady state was achieved (as defined by stable,
preprandial acid-base composition), HC1—fed animals were
acidemic, but HNO—fed animals featured normal acid-base
equilibrium, confirming the findings of De Sousa et al. Contrary
to the implicit assumption of the previous study, however, our
results indicate that the preprandial acid-base composition is far
from being a representative indicator of the diurnal acid-base
profile during mineral acid feeding. The already acidemic,
HCI—.fed animals experienced substantial worsening of their
acidemia in the postprandial interval that was sustained for the
greater part of the day. Most importantly, HNO3—fed animals
that were normohydric in the preprandial period exhibited
substantial acidemia and hypobicarbonatemia following inges-
tion of the daily acid load; more than 16 hr were required for the
plasma acid-base composition to return to the preprandial
baseline. It is concluded that the augmentation in renal acid
excretion during HNO1 feeding, just like that during HC1
feeding, is indeed associated with systemic acidemia. Acid
feeding data, therefore, cannot be employed to advance the
thesis that acidemia is not prerequisite to the renal acidification
response during chronic metabolic acidosis.
Methods
Studies were carried out in fifteen female mongrel dogs
ranging in weight from 7.6 to 16.5 kg. Animals were utilized
only if control values for plasma [HC03] and PaCO2 were
within the 90% joint confidence region previously established in
this laboratory [20]. All animals were fed 25 g/kg per day of a
synthetic diet for at least three days prior to the control period
and throughout the period of study. The diet contained less than
1.0 mEq sodium/iQO g, less than 0.1 mEq potassium/IQO g, and
less than 0.5 mEg chloride/lOO g [211. The daily diet was
homogenized with twice its weight of distilled water and sup-
plemented with 2.5 mEq/kg of potassium as the neutral phos-
phate salt. One-half to two-thirds of the diet was fed at 9:00
a.m.; the remainder was fed three hours later. Dogs that did not
eat spontaneously were tube-fed and those that vomited at any
time were discarded. Blood samples were obtained by percuta-
neous arterial puncture; rectal temperature was measured at the
time of blood sampling. During each period of study, an animal
was judged to be in a chronic steady state of acid-base equilib-
rium when plasma values obtained at 8:00 a.m. (i.e., one hour
prior to each day's first feeding) on three consecutive days
varied by no more than 2 mEq/liter for bicarbonate and by no
more than 5 mm Hg for PaCO2.
Experimental design
Observations on the diurnal variation of acid-base equilib-
rium were made in the following two groups of animals.
Group I—Chronic HG/—feeding (N = 7). Following a control
period of at least three days duration, hydrochloric acid, 7
mmolikg, was added to each day's 9:00 a.m. feeding for a nine
day period, an interval more than sufficient to ensure the
development of a new chronic steady state. Previous studies
from this laboratory have shown that dogs fed the same dose of
hydrochloric acid reach a new, chronic steady state of acid-base
equilibrium within three days of acid feeding [16].
Group 2—Chronic HNO3.-feeding (N = 8). Following a
control period of at least three days duration, nitric acid, 7
mmollkg, was added to each day's 9:00 a.m. feeding for a
17-day period, an interval sufficient to produce a new chronic
steady state of acid-base equilibrium [161. In three of the eight
animals in this group, experimental observations preceded
control observations; in these animals, a control period was
obtained following discontinuation of acid administration and
repletion of the electrolyte losses incurred and after adaptation
to the control dietary conditions for a seven-day period.
To evaluate the chronic acid-base status of the animals,
fasting (8:00 a.m.) blood samples were obtained during each of
the last three days of the control period and during each of the
last three days of acid feeding (days 7 to 9 of Rd-feeding, days
15 to 17 of HNO3-feeding). To determine the diurnal variation of
acid-base equilibrium, additional blood samples were obtained
at 11:00 a.m. (i.e., two hours after the day's first feeding), 1:00
p.m., 3:00 p.m., 6:00 p.m., 9:00 p.m., 12:00 a.m. and 4:00 a.m.
on two of the three days of each steady—state period. Urine was
collected during the three days of each steady—state interval.
Analytical methods
Blood and urine pH were measured anaerobically at 39°C by
glass electrode [22]. Total CO2 was determined by autoanalyzer
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Table 1. Steady-state, preprandial plasma composition during control and chronic mineral acid feeding in dogsa
[HCO3] PaCO2 [WI [Na] [K] [Cl-I
mEqiliter mm Hg nEqiliter mEqiliter mEqiliter mEqlliter
Creatinine
mg/dl
Group 1 (N = 7)
Control 21.2 0.5 36 0.9 41 1.0 145 0.9 4.0 0.1 110 0.4
HCI feeding 15.3 o.5 32 1.01) 51 i.i 143 0.4 3.7 0.2 116 Ø7b
Group 2 (N = 8)
Control 22.3 0.4 37 0.8 40 0.5 145 0.7 4.1 0.1 110 1.1
HNO3 feeding 23.3 0.6 36 1.0 38 0.6 130 0,7b 2.8 0.1t 82 1,7b
0.8 0.04
0.7 0.03
0.8 0.06
0.6 0,02b
a Values presented are the means 1 SE
1) Significantly different from the corresponding value of the control period, P < 0.05
Table 2. Diurnal plasma acid-base composition during control and chronic mineral acid feeding in dogsa
8:00 am. 11:00 a.m. 1:00 p.m. 3:00 p.m. 6:00 p.m. 9:00 p.m. 12:00 a.m. 4:00 a.m.
Control (N = 15)
[HC03], mEq/liter 21.8 0.4 21.6 0.3 21.4 0.3 21.4 0.3 21.5 0.4 21.9 0.3 21.9 0.3
PaCO2, mm Hg 36 0.6 36 0.6 36 0.6 36 0.6 36 0.6 36 0.6 36 0.4
[H], nEq/liter 41 0.5 41 0.5 41 0.4 41 0.5 41 0.6 40 0.6 40 0.6
HCI feeding (N = 7)
[HC03], mEq/liter 15.3 0.5 12.6 0,5b 11.9 0,5b 11.7 0,&' 12.2 0,6b 12.8 05b 13.4 06b
PaCO2, mm Hg 32 1.0 31 12b 30 09 29 09b 30 0.9 30 0.8k 31 09b[Hi, nEq/Iiter 51 1.1 58 12b 61 14b 60 l.8 59 1.8k 57 1,6b 56 17b
HNO3 feeding (N = 8)
[HC03], mEqlliter 23.3 0.6 17.3 05b 16.4 0,5b 16.4 0,4b 18.8 05b 20,8 0,5b 22.1 06b
PaCO2, mm Hg 36 1.0 32 0,7b 32 08b 31 05b 33 0,5b 34 0,6b 35 1.0
[H], nEq/liter 38 0.6 45 0.6k 48 0.8k 46 09b 43 0,7b 40 07b 39 0.6
21.6 0.3
36 0.5
41 0.5
14.8 0.6
32 1.0
53 1,3
23.1 0.6
36 0.9
38 0.5
a Values presented are the means 1 SE
I) Significantly different from the corresponding value at 8:00 a.m., P < 0.05
(Technicon Instruments Corp., Tarrytown, New York, USA)
and the results were confirmed daily by the manometric tech-
nique of Peters and Van Slyke according to a protocol previ-
ously described [22]. Bicarbonate concentration and PaCO2
were calculated from the Henderson-Hasselbalch equation. pH,
pK' and the solubiity coefficient of CO2 were corrected for
temperature; pK' was also corrected for pH [23—251. Sodium
and potassium were measured with a Beckman-Kline flame
photometer (Beckman Instruments, Inc., Fullerton, California
USA). Chloride was determined with a Corning 920M
chloridometer (Corning Medical, Medfield, Massachusetts
USA). Methods used for determining phosphorus, ammonium,
titratable acid, net acid, creatinine and nitrate have been
reported previously [26]. The balance techniques employed in
this study have also been described earlier [26].
Data analysis
Values for the control period and each experimental period
were obtained for each animal by averaging the plasma or urine
determinations made during the respective time interval. Group
results are expressed as the mean 1 standard error of the
mean. For each group, diurnal comparisons were made by
analysis of variance for paired data. Differences betrween the
HCI— and HNO3—fed groups were assessed by Student's two-
tailed test for unpaired data. Throughout the text, the terms
"significant" or "significantly different" will be used to de-
scribe a difference which has a P value of less than 0.05.
Results
Plasma data
Chronic steady state. Table 1 depicts the mean, chronic
steady—state values for plasma acid-base and electrolyte com-
position during control and mineral acid feeding for the two
groups of animals. As can be seen in the Table, for Group 1 as
a whole, administration of HC1 at a dose of 7 mmollkg per day
led to a significant decrease in mean plasma [HC03] from a
control value of 21.2 to 15.3 mEq/liter; mean PaCO2 fell
significantly from 36 to 32 mm Hg. As a consequence, mean
plasma hydrogen ion concentration increased significantly from
41 to a value of 51 nEq/liter. By contrast, for Group 2 as a
whole, administration of an equivalent dose of HNO3 failed to
produce any significant changes in the plasma acid-base param-
eters (Table 1). Thus, utilizing the conventional definition for a
chronic steady state of acid-base equilibrium (as derived by
averaging plasma determinations obtained one hour preprandi-
ally, see Methods), the HCI—fed group, but not the HNO3—fed
group, experienced significant hypobicarbonatemia, hypocap-
nia and acidemia during chronic mineral acid feeding. The
observed responses of plasma acid-base and electrolyte com-
position (Table 1) are virtually identical to those previously
reported in the original study on chronic mineral acid feeding
from this laboratory [16].
Diurnal variation
Since there were no significant differences between the
control plasma acid-base and electrolyte measurements of the
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Fig. 2. Diurnal variation of plasma acid-base composition during
chronic HCI feeding. Administration of the entire daily HC1 load at 9:00
a,m. resulted in significant exacerbations of the preprandial hypobicar-
bonatemia, hypocapnia and acidemia.
hypobicarbonatemia, hypocapnia and acidemia (Table 2, Figure
3). As was the case for Group 1, all three diurnal patterns
displayed close temporal correspondence. More than 16 hours
were required for the acid-base composition to return to its
normal, preprandial baseline. Peak deviations averaged —6.9
mEq/liter for plasma [HCOç], —5 mm Hg for PaCO2 and +10
nEq/liter for plasma [Ht], and were also observed at four to six
hours after acid feeding (1:00 to 3:00 p.m.). The deviations of
the plasma bicarbonate concentration from the preprandial
baseline were significantly greater in the HNO3—fed animals
than in the HC1—fed animals at two, four and six hours post
feeding (11:00 a.m., 1:00 p.m. and 3:00 p.m.).
Table 3 depicts the diurnal variation of plasma electrolytes
during the control, HC1—feeding and HNO3—feeding periods of
study. As can be seen, plasma sodium, chloride and potassium
displayed significant diurnal variation during control. During
the HC1—feeding period, plasma sodium fell and plasma potas-
sium and chloride increased in the postprandial interval. Fi-
nally, plasma sodium, potassium and chloride fell and plasma
12:00 8:00
a.m. am.
9:00 4:00
p.m. a.m.
Time of day
Fig. 1. Diurnal profile of plasma acid-base composition during the
control period. Note the remarkable constancy of the plasma acid-base
parameters throughout the 24-hr period of the day.
two groups studied, the data were pooled. Table 2 and Figure 1
present the mean diurnal profile of the plasma acid-base com-
position during the control period. As can be seen, plasma
acid-base parameters exhibited remarkable constancy through-
out the 24 hr period of the day.
By contrast, striking diurnal variation of plasma acid-base
composition was discerned during the acid-feeding periods of
the study. As can be seen in Table 2 and Figure 2, administra-
tion of the daily HCI load resulted in significant deviations of
the plasma acid-base parameters from the chronic steady—state,
preprandial values towards the direction of increased hypobi-
carbonatemia, hypocapnia and acidemia. All three diurnal
patterns exhibited close temporal correspondence; the devia-
tions persisted for the greater part of the day, and more than 16
hours were required for the acid-base parameters to return to
their preprandial baseline. Peak deviations averaged: —3.6
mEq/liter for plasma [HC03]; —3 mm Hg for PaCO7; and +10
nEq/liter for plasma [H-TI, and were observed at four to six hr
after acid feeding (1:00 to 3:00 p.m.).
A similar, although quantitatively more pronounced, pattern
of diurnal variation was observed in the HNO3—fed group of
animals. Whereas preprandial steady—state values for plasma
[HCO3], PaCO2 and plasma [H] were all normal (Tables 1
and 2), administration of the daily HNO3 load led to the
development of significant and substantial degrees of
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Time of day
Fig. 3. Diurnal variation of plasma acid-base composition during
chronic HNO3 feeding. Note that preprandial values for plasma
[HC03], PaCO2 and plasma [H] were all within the normal range.
Administration of the entire daily HNO3 load at 9:00 a.m. led to the
development of significant and substantial degrees of hypobicarbonate-
mia, hypocapnia and acidemia that lasted for the greater part of the day.
phosphate increased in the postprandial interval during the
HNO3—feeding period.
Urine data
Control daily urinary net acid excretion was virtually identi-
cal in the two experimental groups averaging 2.86 and 2.92
mEq/kg in the HC1 and HNO3 groups, respectively. Table 4
presents the mean changes in daily urinary net acid and
electrolyte excretion produced by chronic mineral acid feeding
after the attainment of the new steady state of acid-base
equilibrium. Net acid excretion increased significantly (largely
in the form of ammonium) in both groups of animals, but no
intergroup differences could be discerned. Significant incre-
ments in sodium, potassium, chloride and nitrate excretions
were observed in the HNO3—fed animals, but only chloride
excretion increased significantly during HC1 feeding. The incre-
ment in "acid" anion excretion (chloride or nitrate) did not
differ significantly between the HC1— and HNO3—fed animals.
Discussion
The results of the present study clearly indicate that chronic
HNO3 feeding, just like chronic HC1 feeding, is indeed associ-
ated with substantial degrees of systemic acidemia and
hypobicarbonatemia. As shown in Tables 1 and 2 and Figure 3,
the acid-base profile of HNO3—fed animals was characteristic of
chronic metabolic acidosis during the greatest part of the
metabolic day. These findings, therefore, challenge the thesis
formulated on the basis of the data by De Sousa et al [161 that
acidemia is not a prerequisite to the augmentation of renal acid
excretion during chronic mineral acid feeding [17, 19]. Indeed,
our results place the acid feeding data in accord with the
hypothesis that systemic acidemia represents the proximate
event signaling the kidney to elicit its acidification response to
chronic metabolic acidosis [1—6].
It is now apparent that the reason for the discrepant conclu-
sion arrived at by De Sousa and colleagues was their sole
reliance on preprandial acid-base data as indicators of the
chronic acid-base status of the animals. Our findings indicate
that the preprandial acid-base data are far from being repre-
sentative of the prevailing state of acid-base equilibrium during
chronic mineral acid feeding. Indeed, the normal, preprandial
acid-base status during chronic HNO3 feeding gives way to
substantial acidemia and hypobicarbonatemia following the
ingestion of the daily bolus of the acid load (Table 2, Fig. 3).
These data coupled with the corresponding ones during HC1
feeding (Table 2, Fig. 2) establish the concept that the so-called
"steady state" of chronic mineral acid feeding is in fact quite
unsteady; viewed from a diurnal perspective, the acid-base
profile of the animals features wide deviations from the
preprandial level that peaks some four to six hours after the
daily acid feeding and then returns gradually to the preprandial
baseline.
As noted above, our clear demonstration that systemic
acidemia prevails during chronic acid feeding is consistent with
the conventional viewpoint for a regulatory role of pH in the
renal response to a chronic acid load [1, 4—6, 13, 14]. In this
regard, recent studies [7—12] have lent considerable support to
this hypothesis. On the other hand, the above recent evidence,
mostly derived from acute studies, cannot exclude with cer-
tainty the possibility that systemic acidemia is a mere accom-
paniment of chronic acid feeding without any substantive
regulatory role. Indeed, previous studies in chronic respiratory
acid-base disorders and chronic metabolic alkalosis have pro-
vided strong evidence that the attendant renal responses cannot
be accounted for simply by a regulatory role of changes in
systemic pH [27—32]. Studies in which systemic acidemia is
prevented from developing (by manipulating the alveolar ven-
tilation and PaCO2 of the animals) will be required to examine
conclusively the role of the decrement in systemic pH in the
renal response to chronic acid loading.
That systemic acidemia cannot be the sole modulator of the
renal adaptive process to chronic acid loading is clearly derived
from examination of the data in Tables 2 and 4. As can be seen,
the increment from control in daily net acid excretion during the
new "steady state" was virtually identical in the two groups of
animals despite variable degrees of systemic acidemia; notably,
the diurnal acid-base profile of the HNO3—fed group of animals
was found to oscillate at a higher level as compared to that of
the HC1 group. Thus, the data are consistent with the possibility
that a certain degree of acidemia might be required to elicit a
renal response to chronic acid loading, but that the particular
level of hypobicarbonatemia attained is decisively conditioned
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by the reabsorbability characteristics of the accompanying
"acid" anion. In this regard, our study clearly reaffirms the
thesis of Schwartz and Cohen [19] with respect to the role of
anions in modulating renal acid excretion by influencing the rate
of sodium delivery to and sodium avidity of the distal nephron.
According to this scheme, the high reabsorbability of the Cl',
as compared to that of the NO3 , imposes a delay in its
quantitative delivery along with filtered sodium to the distal
nephron, resulting in delayed achievement of adequate augmen-
tation of distal hydrogen secretion, greater acid retention and,
thus, generation of acidosis of greater severity.
In addition to the characteristics of the ingested "acid"
anion, other factors might contribute in the attainment of nearly
quantitative excretion of the daily acid load despite the pres-
ence of variable degrees of systemic acidemia. Chief among
those is the degree of potassium depletion and the consequent
adaptive stimulation in renal ammonia production [13, 14].
Previous studies have shown that chronic administration of
HNO3 entails substantially greater potassium depletion than
chronic HCI feeding [16]. In addition, the greater depletion of
sodium characteristic of chronic HNO3 administration [16]
would be expected to afford a more intense level of secondary
hyperaldosteronism. The impact of this latter factor on renal
acidification would be magnified by the co-existence of greater
degrees of potassium depletion in the HNO3 group of animals
[33, 34]. It is reasonable to deduce, therefore, that the compos-
ite effect of all these factors (including the influence of the
"acid" anion) might be sufficient to advance renal ammonia
production and overall renal acidification in the HNO3—fed
animals to levels equivalent to those of the animals ingesting
RC1, despite the presence of milder and evanescent degrees of
acidemia in the former group.
Examination of the data in Table 2 indicates that the plasma
bicarbonate values of the HNO3—fed animals were both posi-
tioned at a higher overall level and displayed a greater diurnal
variation during the first six hours of the metabolic day as
compared to the HC1 group. In view of the fact that the daily
rate of urinary net acid excretion was virtually identical in the
two groups (Table 4), the differential diurnal response of plasma
bicarbonate concentration could have been the result of either
differences in the rate of net acid excretion over the first few
hours following the ingestion of the daily acid load (assuming
that the rate of absorption of the administered hydrogen ion is
similar in the HC1— and HNO3—groups of animals) or differences
in the apparent space of distribution of the retained hydrogen
ion. Previous studies have demonstrated that the space of
distribution for bicarbonate (and hydrogen ion) is inversely
correlated with the initial level of plasma bicarbonate concen-
tration [35—37]. It is conceivable, therefore, that a larger appar-
ent space of distribution for hydrogen ion in the HC1—group of
animals was responsible for the lesser postprandial deviation of
the plasma bicarbonate concentration. Comparison of the rates
of net acid excretion during the early postprandial interval will
be required to distinguish between the above two alternatives.
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Table 3. Diurnal plasma electrolyte composition during control and chronic mineral acid feeding in dogs"
8:00 am. 11:00 a.m. 4:00 am.
a Values presented are the means 1 SE
Significantly different from the corresponding value at 8:00 am., P < 0.05
Table 4. Changes from control in daily urinary net acid and electrolyte excretion during steady-state chronic mineral acid feeding in dogs"
Titratable
Net acid Ammonium acidity Bicarbonate Na K Cl Phosphate Nitrate
mEqlkg mEqlkg mEqI/cg rnEq/kg mEq/kg mEqlkg mEq/kg mEqlkg mEq/kg
HCI feeding
(IV = 7) 5.16 0.50" 4.99 0.46" 0.14 006', —0.03 0.01 —0.03 0.03 0.02 0.12 5.36 0.45" —0.06 0.06 —
HNO3 feeding(N = 8) 5.82 049" 5.47 0.45" 0.33 007" —0.02 0.01 0.35 008b 0.63 016"" 0.31 0b.c 0.15 0.09 5.55 041"
"Values presented are the means 1 SE
b Significantly different from zero, P C 0.05
Significantly different from the corresponding value of the HCI—feeding group, P < 0.05
Chronic acid feeding and systemic pH 673
Several other points of interest can be made on the basis of
our findings. First, it is notable that during "steady-state"
chronic metabolic acidosis there was continued acid retention,
since only some 73 to 83% of the administered daily acid load
was finding exit into the urine (Table 4). This progressive proton
retention in the face of interday stability of the acid-base status
of the blood has long been recognized and attests to the
contribution of extracellular buffering stores, especially bone,
in arriving at a new "steady state" of acid-base equilibrium
[38—41].
Second, no circadian rhythm in the acid-base status during
the control period was observed, including the absence of a
postprandial elevation in plasma bicarbonate concentration (an
expression of the so-called postprandial alkaline tide). These
data are consistent with previous observations in normal hu-
mans [42, 43]. Nonetheless, an increment in plasma bicarbonate
concentration by three to four mEq/liter and a rise in urine pH
have been well documented following a heavy meal in humans
with normochlorhydria [44, 45].
Finally, it is interesting to observe the close temporal corre-
spondence between the diurnal changes in plasma bicarbonate
and hydrogen ion concentrations, on the one hand, and PaCO2,
on the other, during the acid feeding periods of the study (Table
2, Figs. 2 and 3). Great uncertainty continues to exist in regard
to the localization and properties of the central chemosensitive
areas, as well as the quantitative contribution of the peripheral
and central chemoreceptors in mediating the ventilatory re-
sponse to metabolic acid-base disturbances [46]. Notwithstand-
ing, the above data suggest that the changes in extracellular
acidity are promptly registered and acted upon by the respon-
sible chemoreceptor(s).
In summary, we have re-examined the plasma and renal
responses to chronic feeding of HC1 and HNO3. In contrast to
previous studies, we were unable to exclude a role of systemic
pH in mediating the renal response to a chronic acid load.
Rather, our data are consistent with the hypothesis that
acidemia is a prerequisite to the augmentation of renal acid
excretion during chronic mineral acid feeding. On the other
hand, our observations reaffirm the importance of the accom-
panying "acid" anion in modulating the "steady—state" level of
plasma bicarbonate concentration during chronic metabolic
acidosis.
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